Purpose Lumbar spine surgery in morbidly obese patients is a challenge to the operating surgeon. The aim of the study was to evaluate the surgical experience in this group of patients using the Synframe retractor system (Synthes, Paoli, PA, USA) as a tool for improved surgical access. Methods An Institutional Review Board approved retrospective study was conducted on 43 morbidly obese patients undergoing posterior lumbar decompression instrumentation and fusion. Patient selection was based on a BMI of [40. Information acquired included BMI, set up time, procedure time, ASA, intraoperative blood loss and the number of preoperative co-morbidities of each patient. Postoperative complications, length of stay, and pre-operative and postoperative Oswestry disability index (ODI) and visual analogue scale (VAS) were recorded at each postoperative visit. They were compared to 45 age matched controls from our spine database. Results The average set-up time (73.5 min), amount of blood loss (average 1,040 mL), length of incision (10.3-14.5 cm) and length of hospital stay (5.4 days) were recorded. The average surgical time was dependent on the procedure and number of levels fused and ranged from 164 to 245 min. These parameters were compared with normal weight patients and noted to be higher. Conclusion The surgical experience determined that the Synframe retractor system provided a stable and wellilluminated operative field. It minimized the number of personnel required for assistance and improved surgical access. As may be expected, all the above recorded parameters were greater in the morbidly obese group.
Introduction
Obesity has become an epidemic condition in the United States and world wide [1] . The definition of obesity is a body weight that is 20 % greater than the desirable body weight and having an excess of body fat that frequently results in the significant impairment of health [2] . Morbid obesity or severe obesity is described as a Body Mass Index (BMI) of[40 [3] . Morbidly obese individuals have a variety of co-morbid conditions which classically include hypertension, diabetes, coagulation disorders, asthma/ bronchitis, hyperlipidemia, thyroid disease, psychiatric disorders, angina, and alcohol consumption, shortness of breath, sleep apnea, and myocardial infarction [2, 4] .
In the western world, spine surgeons encounter many morbidly obese patients with spinal disorders that require surgical treatment following the failure of conservative measures [5] . Anesthetic delivery, patient positioning, surgical access, imaging, and the placement of spinal instrumentation are major difficulties confronting the surgeon performing lumbar spine fusion in obese patients [5] . Anesthetic risks are greater in the obese patients due to difficulty in: airway management from short thick necks; arterial and venous access; dosing of anesthetic agents [6] . Many anesthesiologists in the modern world are familiar with the care of these patients, especially in hospitals where bariatric surgery is now commonplace.
The use of the Synframe (Synthes Spine, Paoli, PA, USA) retractor system fixed to the operating table for spinal surgery was first reported in 2000 [7] . Its versatility and ease of use have made it a popular tool. It can be used at all levels of the vertebral column both anteriorly and posteriorly. We have used this system in our patients undergoing lumbar spinal fusion and have found it to be especially useful in morbidly obese patients. This report describes our experience of lumbar spine fusion using the Synframe retractor in patients with a BMI of 40 or more with a single surgeon and one assistant.
Materials and methods
An IRB approved retrospective study was conducted on consecutive morbidly obese patients who underwent posterior lumbar decompression and fusion. Patient selection was based on BMI values C40. The study population consisted of 43 consecutive patients (25 females and 18 males) from 28 to 81 years of age with an average age of 56 years. The BMI in the group ranged from 40 to 58 with an average of 44 kg/m 2 . The average ASA score was 3.1 and the average number of co-morbidities was 6.4. Patient follow-up ranged from 16 to 30 months with an average of 23 months. One patient had two surgeries at different times with different data and was counted as two patients. The average number of levels fused was two. The indications for surgery were: lumbar canal stenosis in 24 patients, degenerative disc disease in 10 patients, revision surgery in 4 patients for postlaminectomy instability, spondylolisthesis in 3 patients, and degenerative scoliosis in 2 patients. Medical records were obtained for each patient from hospital charts. Information acquired from the intra-operative notes of the attending nurse included age, weight, height, gender, time in surgery, procedure start time, procedure end time, and departure. Anesthesia preoperative patient evaluation tool sheets were used to determine ASA scores and the number of preoperative co-morbidities of each patient. Anesthesia notes were also used to determine intraoperative blood loss.
Clinical evaluation included a pre-operative examination and follow up at 2 (43 pts), 6 (39 pts), 12 (40 pts) and 24 (43 pts) weeks following surgery and at 1 (41 pts) and 2 years (36 pts). The Oswestry disability index (ODI), visual analogue scale (VAS) for back and leg pain and a pain diagram were recorded at every visit and kept in our spine database. Patients were also evaluated with plain radiographs and a CT scan was done when indicated.
Surgical technique
Positioning is a key component of any lumbar spine surgery and operating tables that are suitable for patients with weights up to 500 pounds are required. We use the flat OSI table with a special metal frame (Fig. 1) , or a Kambin frame, which helps to place the lumbar spine in relative kyphosis. Any position which causes lumbar lordosis can make access to the spine extremely deep and difficult. The head is secured in the prone view apparatus. Once the patient is positioned, we place the table in reverse trendelenburg, raising the head to decrease facial edema which can occur when surgery is prolonged.
Synframe
The Synframe (Synthes Spine, Paoli, PA, USA) is a retractor system which consists of a ring placed around the surgical site (Fig. 2) . It is fixed to both sides of the operating table with arms. Using retractor blades the ring allows a 360°access to the surgical exposure from any point. It can also carry Hohmann levers, a fiber optic light source, and endoscopes of varying size. Hohmann levers can be clicked to the ring or secured with sponges and function as a unilateral lever system that does not depend on counterbalance to keep the system in place. Its high degree of versatility in providing a stable operating field allows spine surgery to be performed with minimal assistance. The light source provides stable illumination in the depth of the wound. Attachment of endoscopes facilitates the surgery to be seen on a video screen [7] . Imaging A standard C-arm has difficulty with lateral images in these patients, so we used AP images exclusively to locate levels and place spinal instrumentation. Presence of congenital anomalies at the lumbosacral junction should be carefully noted on preoperative studies, as on the AP image alone it is more difficult to count levels from the sacrum. Often the spine is very deep in the wound, so we employed the AP X-ray to locate the correct starting point and trajectory for the pedicle screw, as is done in the vertebroplasty or kyphoplasty technique (Fig. 3) . The radiolucent Hohmann retractors do not interfere with AP imaging or Lateral imaging. However, with really big patients lateral images are virtually impossible to read even with the fluoroscope on maximum power.
Procedure
After positioning and applying the Synframe retractor we use the c-arm to mark the top and bottom of the levels to be operated. The incision does not need to be any longer than from the superior endplate of the proximal vertebra to just below the pedicles of the lower vertebrae to be operated. A standard posterior approach is made through the skin and fat down to the fascial layer. The muscles are then stripped back with cautery and a cob elevator over the facet joints on one side. Hohmann retractors are then placed over the facet joints and fixed to the ring. The muscle is then released on top of the facets and the Hohmann retractors moved to the tip of the transverse process (Fig. 4a, b) . These retractors work like Taylor retractors and do not need any counterbalance. If postero-lateral fusion is to be performed then the transverse processes are exposed well and the bone decorticated. Bone graft from the iliac crest is laid into the gutter made here. Alternatively allograft bone is used. Instrumentation is then placed on this side. Due to the depth of the incision, we often use fluoroscopy to ensure the correct trajectory of pedicle screw insertion. The C-arm is positioned to get a straight AP shot of the vertebra with a sharp superior endplate, and pedicle screws are placed in the standard manner with starter awl and pedicle feeler or drill bit. Care is taken to ensure that a straight AP shot of the vertebrae is seen, as occasionally the synframe or the Hohmann retractor system will rotate the vertebrae (Fig. 3) . In obese individuals pedicle screws must be placed in the Roy Camille [8] or straight (green) trajectory instead of axially down the pedicle (red), using Magerl method, as the soft tissue gets in the way and disallows the placement of pedicle screws without enlargement of the skin incision (Fig. 5) . The length of the screw in the vertebra ends up being shorter, but their purchase is strong due to a 3 point fixation across the pedicle [9] . This is followed by the application of a suitable posterior construct. Once fixation is achieved on one side, the Hohmann retractors are released and the contralateral side is exposed and fixed in a similar manner. In cases where transforaminal lumbar interbody fusion (TLIF) is planned, the procedure is performed on the first side that is exposed. The muscle on both sides is retracted when using a Gelpie, cerebeller or other tensioning retractor system, but not with this system as the levers hinge on bony elements. Working on one side at a time minimizes the muscle ischemia, as each side is only retracted when it is being worked upon. A light fastened to the ring illuminates the depth of the incision eliminating the need for a headlight.
Results

Intraoperative evaluation
Set-up time, surgical time, blood loss during surgery and skin incision size were reviewed for all patients. The average set-up time (room in time to surgical incision) for the morbidly obese patients was 73.5 min. The average amount of blood loss was 650 ml for single level cases, 943 ml for two level cases, and 1,040 ml averaged over all cases. The surgical time and length of incision are shown in Tables 1 and 2 , respectively. The average length of hospital stay for the morbidly obese patients was 5.4 days. This is compared to a group of normal weighted patients who were case matched, as reported previously [4] .
Clinical evaluation morbidly obese group
Significant improvement in back and leg pain scores were observed in morbidly obese group. There was marginal improvement in the Oswestry scores ( Table 3 ). The use of narcotics for pain decreased significantly in the morbidly obese patients as evidenced by decreased pain scores (Table 3) . We did not compare this to our previously reported normal weighted group, as this a varied group of patients with small numbers in each diagnosis group.
Postoperative complications
Postoperative complications were seen in (18/43) 42 % of the morbidly obese patients. We classified these as major and minor complications. These are detailed in Tables 4  and 5 .
Discussion
Morbid Obesity is a significant health problem associated with multiple co-morbidities. These patients are at risk for developing serious complications; hence, modifications in the use of standard operative techniques may be required [10] . The use of the Synframe retractor in obese patients offers many advantages. It allows stable surgical access to the spine with minimal personnel making it possible for the operating surgeon to perform the surgery with a single scrub nurse [11] . The circular design of the retractor can be used to attach Hohmann retractors at any point in the ring, thereby providing an unrestricted approach to the vertebral column [7, 11] . A variety of retractor blades or levers may be used and this aspect is of importance in the obese patient, as each blade may be adjusted individually to retract tissue in the depth of the wound providing good visualization into the surgical field and also good illumination in the depth of the surgical wound with the fiber optic light attachment. Since the ring is held in place by two arms on either side of the operating table, it is not dependant on the retractor blades to maintain its position as in many other systems [12] . It is possible to use it as a unilateral lever system and does not need to be counterbalanced by the contra lateral musculature. This may prevent any prolonged pressure effect on the paraspinal muscles which could be a cause of persistent back pain postoperatively [13, 14] . Improved access to the facets and the transverse process is achieved with the Synframe, as the Hohman levers can be progressively advanced to the tip of the transverse process. This brings into view the entire posterior surface of the lamina, facets and transverse processes, facilitating the preparation of a bed for the bone graft especially in posterolateral fusion (Fig. 4a, b) . The average blood loss during surgery for the morbid obese group was 1,040 mL. This volume is not significantly different than that of our previously reported series [4] in normal weight patients (1,000 mL) and is directly related to the number of levels operated upon. Cage migration from fall with no sequelae 1
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We had previously reported a trend in morbidly obese patients requiring longer times for surgery when comparing them to normal weight individuals for single and two-level lumbar decompression instrumentation and fusion, as well as for one-and two-level TLIF surgery [4] . Due to the low number of individual surgeries, we are unable to show any significant time differences between this larger group of morbidly obese patients and our previously reported times (1 level LLDFI 124 min, 2 level LLDFI 171 min, 1 level TLIF 134 min, 2 level TLIF 229 min) for normal weighted individuals [4] . This group of morbidly obese patients required on an average 11 min more for set up when compared to normal weight individuals at our institution which included positioning and administration of anesthesia.
We compared the length of incision in morbidly obese and normal weight patients. The incisions were larger for 1 level (8.9 cm in normal vs. 10.3 cm in morbidly obese) and 2 level surgeries (12.9 cm in normal vs. 14.5 cm in morbidly obese) in the morbidly obese group. Though morbidly obese patients required larger incisions to accomplish the surgical procedure, it is our belief that with the use of Synframe the incision length was reduced considerably and the operation was much easier to perform.
In morbidly obese patients the surgeon is working on the posterior vertebral body at a greater depth. The anatomy of the pedicle warrants that the surgeon penetrates the bone at an angle so as to remain within the cortical confines of the pedicle. This further stresses the borders of the incision. We have used the Roy-Camille technique to insert the pedicle screw perpendicular to the vertebral body [8] . This minimizes the need for larger incisions. In a recent study we observed that straight pedicle screw (Roy-Camille technique) insertion results in a more stable posterior construct due to improved cyclic loading than angled pedicle screw (Magerl technique) [9] . The angled screw insertion technique resulted in more scattered values of damage indicating that the outcome from the angled screw fixation is less predictable.
Good positioning is a key component of spine surgery and may prevent neurologic complications and pressure problems which may occur with prolonged surgery. We use the flat OSI table (max 500 lbs) with a special metal frame (Fig. 1) , or a Kambin frame, which helps to place the lumbar spine in relative kyphosis. Positioning which causes lordosis can make access to the lumbar spine extremely deep and difficult. We have tried to use the leg sling with the spinal attachment for the Jackson table, however, often the patient's legs are too big for the space provided and will get pressure on the sides. We have found the use of the Andrews table difficult in many of these patients, as their size makes it difficult to hold them in the 90/90 hip-knee position and have abandoned its use in these situations. It is also impossible to image in the AP plane with this table. In a few situations we have used 2 OSI tables side by side with supports in the middle for extreme cases.
We have previously reported that there is a significant complication rate of morbidly obese patients undergoing lumbar spine surgery [4] and this paper also shows a 42 % incidence. There was a steady improvement in Visual Analog Scale pain scores and Oswestry scores. However, improvement can take up to 2 years and long-term results still have to be noted. With the varied diagnosis of patients only the fact that there was improvement can be inferred. We did not compare these results to normal weighted patients, as the numbers for each diagnosis were small and this paper is focused on the operative experience with the Synframe in these individuals. This is still a large series of morbidly obese patients who have undergone lumbar fusion and instrumentation surgery. We use the Synframe retractor posteriorly in normal weighted patients and find it a useful tool for all posterior lumbar surgery. The lighting system eliminates the need for a headlight and an arthroscopy scope can be attached to be used as a teaching tool for students and residents.
In conclusion, the use of the Synframe retractor system provided a stable and well-illuminated operative field. It minimized the number of personnel required for assistance and improved surgical access and made the surgical times for these cases acceptable. Though longer incisions are required in morbidly obese patients, they were probably limited with the use of Synframe. We feel that this is an extremely valuable tool for posterior lumbar surgery, but especially in morbidly obese patients.
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